A s e e b £ et S i

JAERI -M
93-171

HERMES : A PERSONAL-COMPUTER PROGRAM FOR CALCULATION
OF THE FERMI-GAS MODEL PARAMETERS
OF NUCLEAR LEVEL DENSITY

September 1993

Alberto MENGONI™ and Yutaka NAKAJIMA

B ®x & F Hh B R M
Japan Atomic Energy Research Institute



JAERIM L R— Mg, BERKE F MR EHISAL T aMmREETT,

AFOME L, BABETHRRAMEMERSEHENE (T 11K E A E
WEY HT, BELIL(FS v, T, IOEPKHEEA LRSS ER R F—
(319 11 IR AL A AT 0 R T HF3EATA) THSICLGFEERA 2B 0 - T
BT,

JAERI-M reports are issued irregularly.

Inquiries about availability of the reports should be addressed to Information Division
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-
mura, Naka-gun, Ibaraki-ken 319-11, Japan.

(CJapan Atomic Emrgy Research Institute, 1993
B HFEAT HAR -7 ER
Ell Il voE s E DR GR




JAERI-M 93-177

HERMES: A Persomnal-computer Program for Calculation of

the Fermi-gas Model Parameters of Nuclear Level Density
*
Alberto MENGONI and Yutaka NAKAJIMA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received August 24, 1993)

A computer program, HERMES, that provides the quantities usually
needed in nuclear level density calculations, has been developed. The
applied model is the standard Fermi Gas Model (FGM) in which pairing cor-
relations and shell effects are opportunely taken into account. The
effects of additional nuclear structure properties together with their
inclusion into the computer program are also considered. Using HERMES,

a level density parameter systematics has been constructed for mass range
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1. INTRODUCTION

The calculation of nuclear level densities at excitation energies of a few MeV can be
performed using the Fermi-Gas model (FGM). A certain number of modifications of the basic
FGM are necessary in order to take into account nuclear properties of various nature. For
example, corrections due to pairing correlations and shell inhomogeneities have to be
incorporated to provide a realistic description of nuclear excitations.

On the other hand, an important, experimentally reachable quantity which allows for
testing nuclear models employed in level density calculation is the average spacings of s-wave
neutron resonances, <D>_q. A large set of information on this quantity has been collected and
compiled several times in the past. A relatively recent compilationl) has been made available
which provides a large data-base on which the traditional level density models can be tested.

We have coded the FGM prescriptions into a computer program, HERMES, which
provides the nuclear level density parameters based on fundamental nuclear structure information
and on the experimental average spacings of s-wave neutron resonances. The program has been
written in order to provide the user with the basic parameters usually employed in level density
calculations. The parameters supplied by HERMES should be largely compatible with the
parametrization adopted, for example, in codes using the Hauser-Feshbach statistical theory for
the calculation of nuclear cross sections. HERMES has been made to be run on personal
computers. It would be, however, trivial to separate and include its basic components into any
larger code for nuclear reaction calculations.

The details of our model description with some discussions on the various nuclear
structure effects included into the FGM are given in our previous paperz). Here we will [imit
ourselves to give the definition of the basic quantities for nuclear level density calculation and we
will then describe the computer program. Finally, examples will be presented to show the
capabilities of the use of HERMES.

The program, together with the data-base files are available upon request to the authors
(see the request-form in the Appendix).
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7. BASIC RELATIONS FOR THE NUCLEAR LEVEL DENSITY DESCRIPTION

2.1 The Fermi-Gas model

The state-density for a set of A non-interacting nucleons ( Z protons and N neutrons)
arranged on a single-particle spectrum with spacing g; at the fermi energy can be easily derived

to give3 )

(U) = —¥T___ 2l 1)
PZ,N T4, 574
12 a"'" U

where U is the available excitation energy and as(w2/6)gf is a level density parameter.
The density of nuclear levels, i.e. states of given total angular momentum J and fixed

parity IT
is given by

pz N(UJLI) = pz N(U) f5(J) 8par(TL) (2)

where f (/) can be derived by differentiating respect to state with M = Jand M=J+1 a
gaussian distribution for the projection of the total angular momentum, M, with dispersion o :

_J(J+1)
_A+1 22 3)
2

fo(‘]) =

202 270

and gpar(II) is a function describing the parity distribution.

Nuclear energy levels have a clearly unsymmetrical parity distribution in the lower part of
the spectrum. As the excitation energy increases, however, the number (or density) of levels with
opposite parity tends to be the same. Except for some light nuclei, the parity distribution at
excitation energies corresponding to the neutron separation energy can be assumed to be
symmetrical. To treat the cases in which the parity distribution is asymmetrical some technique
has been proposed4). The possibility of including this effect has been analyzed in several
practical applications but a systematic analysis on a large mass range has not yet been done. For
this reason the commonly adopted assumption of equal probability for different parity states has
been adopted in the present analysis:

Epar(D) = 5 @

In addition to the parameter a, the only other quantity to be determined in Eq. (2) is the
spin dispersion factor o. For a gas of fermions constrained into a spherical box of radius R, the
dispersion factor o can be evaluated to give
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ot = % (M, R2W2y 4 T (5)

where M,, is the nucleon mass and T the nuclear temperature in MeV units. This is equivalent
to consider the rotation of a rigid body with moment of inertia

I = %A M, R? (6)

which furnishes

o? = LT = 001389 AR T M
i)

when using R = 12477 fm and M, = 938.926 McV.

If the condition of spherical symmetry is released, the moments of inertia for an axially
symmetric deformed rigid body with deformation e become

1
Lehrte ®

and

n=1(1-

Wi 2

£) )

for rotations perpendicular and parallel to the symmetry axis (Eq. (8} and Eq. (9) respectively).
In this case the spin dispersion factor becomes

12/3 11/3
» LU (10)
qh2

In the equations above, the nuclear deformation ¢ is a parameter related to the nuclear
quadrupole deformation by & = 0.945 8, .

In the thermodynamical approach, the nuclear temperature is defined by the relation

1. 1de (1)
T p dU
For the Fermi-Gas, the relation
U=a T2

(12)
is usually adopted for defining the nuclear temperature. It is however straightforward to derive
the value of the temperature from the state-density of Eq. (1):
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1
T [Ula 4U

1 _ 2 (13)

2.2 Pairing and shell-effects

The calculation of the level density using Eq. (2) is affected by the assumptions made
when deriving the state-density from the thermodynamical equilibrium conditions (saddle-point
inversion method, continuous approximation) as well as from the assumptions underlying the
FGM itself. Quite generally the assumptions made in deriving Eq. (2) are well justified for
excitation energies of a few MeV. In particular those approximations are generally valid for
excitation energies corresponding to the neutron binding energy. This is an important point
because at that energy the density of nuclear states of given J and II is known from the spacing
of neutron resonances (usually s-wave neutron resonances). In these cases it is possible to
evaluate the only parameter of Eq. (2), a, from

1
pz N(UJ=112,II)

<D >[=0 = (14)

for nuclet with 1, =0, or

<D>,_ - ! (15)
pz N(UT-T, + 120) * pz n(UJ = L,-172,T0)

for nuclei with I, # 0, where I, is the spin of the nucleus with Z protons and N -1
neutrons (target nucleus in the neutron + ( Z , N-1 ) process). From the experimental
<D>%P,_, it is possible to derive the systematics of the level density parameter a.

The leve! density parameter a thus determined shows strong fluctuations over the entire
mass range, essentially due to paring correlations and shell inhomogeneities (see Fig. 2 below).

A full treatment of the pairing correlation in nuclear motion may be based on statistical
as well as on BCS theories®). However, a much simpler but effective treatment of this effect can
be incorporated into the model description simply redefining the excitation energy of the Fermi-
Gas according to

U-»U-5 where & = 2A for even-even nuclei
= A for odd nuclei (16)
=0 for odd-odd nuclei.

The pairing correlation parameter, A, may be derived from mass-differences of neighboring nuclei
for the entire mass region. However, the values derived from the experimental nuclear masses may
be well represented by a simple, smooth function of the mass number. For example the value®
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ao 2 w

7

has shown to be suitable for representing the experimental situation.

The use of this simple prescription may well be questioned from theoretical point of view
since the relation (17) has been derived from even-odd difference in nuclear masses, i.. at zero
temperature. The situation may be different at finite temperature. However, using this simple
procedure we have obtained good results as far as the level density parameter systematics is
concerned (see below).

The inclusion of shell effects into the FGM description has been carried out using
different approaches in the past. In our analysis we have adopted a technique due to Ignatyuk and
coworkers ). In this approach the level density parameter a depends on the excitation energy

as well as on the shell correction energy Egp:
Esp -y U 18
a(U) =a() [ 1+ (1-e YY) (18)

where a(*) is the asymptotic level density parameter to which a(U) tends for high excitation
energies and y a damping parameter.

The shell correction energy E, is defined as the difference between the experimental
nuclear mass and a smooth theoretical mass value, M,,, derivable, for example, from a liquid-drop

model:
Esh = Mexp - Mw . (19)

The evaluation of this quantity requires some care because different liquid-drop model
parametrizations are available from literature and they produce quite different values for Eg,.

Following this approach, for each isotope, the level density parameter a(*) is to be
determined from the average neutron resonance spacing. In fact, the shell correction energy can
be evaluated using Eq. (19) and the corresponding level density parameter a can be adjusted to
fit the experimental <D>%P,_q by varying a(*).

2.3 Inclusion of other nuclear structure effects

The contribution of collective degrees of freedom in nuclear excitations is very important
and different techniques have been proposed for its inclusion into the Fermi-Gas description. It
is possible to show® that the contribution of collective excitations to the state-density can be
factorized into the form

pz NU) = P’z N Zeoy (20)
where Z,,; is the partition function for the collective degrees of freedom of the system with

excitation energies E.
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E

<

i 21
Zeoit = 3, € T 1)
¢

and pi N, 7(U) s the state density for the intrinsic {(non-collective} excitations.

Various models have been employed in the past to evaluate the contribution of collective
degrees of freedom to nuclear excitations® ). In the case in which the nucleus has an axi-
symmetric deformation, the rotational degrees of freedom are expected to play an important role
at excitation energies around the neutron binding. In this case the collective enhancement factor

can be promptly evaluated as

T. (22)

pA
Zeotr = o, =

:PN| }_-<

A similar, simple, analytical expression can be derived also for nuclear excitations due to
surface vibrations,

These prescriptions cannot be applied to the complete mass range. In fact, they assume
the nucleus to have either rotational or vibrational degrees of freedom to be added to the intrinsic
excitations. This classification is in many cases not possible.

A model which provides a unified description of collective properties of nuclear spectra
is the Interacting Boson Model?). Recentlys), this model has been applied for the evaluation
of the collective enhancement factor Z, ;. However, the calculations made using this technique
are still too involved to be enclosed into a simple recipe and in HERMES only the simple
expression of Eq. (22) has been considered.

The relations given above have been coded into a computer program, HERMES, whose
description and use will be given in the next chapter.
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3. HERMES

3.1 Introduction to HERMES

We will describe here the computer program HERMES. The program has been written in
Fortran 77 and the source contains about 2000 records, excluding the block-data containing the

experimental nuclear mass differences.
The program has been written in such a way that it runs interactively with the user. We

will first describe its structure (section 3.2) and the various menus which are presented to the user
while running it. At the mean time we will provide a brief description of the various physical
assumptions made. The explanations on how to install the program, the description of the various
files that the program uses and other technical details will be given in the sections 3.3 and 3.4.

The input/output of HERMES should be self-explanatory. We will give here the
explanations for only a few examples of the various paths that can be followed when running
HERMES. The name of variables or other quantities appearing in the program input/output will
be given in a different type-style (like in type-style).

3.2 Structure of HERMES

The structure of HERMES is shown in the flow-chart of Fig. 1. We give here a few
examples of how the interactive procedure works. The program starts submitting the first menu:

1) Start the calculaticn for a given isotope
2) Set/Reset defaults for the calculation

3) Build the systematics of LDP

99) STOP

As it is obvious, three selections can be made, in addition to the STOP (to end the
execution).

Typing 1 the program will calculate the level density parameters for a single isotope. In
this case the next request will be for the Mass number and Atomic number of the isotope
under study.

To calculate the level density parameters, a certain number of options need to be
specified. The program starts with all the possible options set to default values. To change and/or
select options different from the defaults, the selection 2 in the main menu above should be
made. For example, the calculation of the spin dispersion factor o can be made assuming the
nucleus to be spherical or deformed. Eq. (7) will be used in the former case and Eq. (10) in the
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latter. The selection of one those two options can be made following the selction 2 in the main

menu.

(START )
>l

Main menu

STOP 99 3 1 2
Change the options
for the calcutation

Read mass humber A
Read data ] and atomic number Z
from data-base file ¢

Read data from the
Calculation of data-base file
the LDP for
each isotope of the *‘
data-base Calculates the LDP

Qutput of the Printthe available

LDP systematics parameters
Menu
2 1695 4 3
Calculates 7 Calculates the
from<D > level density
I
FE— I___

A(_______ Updates the ¢ (] Changes

data-base file parameters

Figure 1. Flow-chart of HERMES.
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Finaily, typing 3 the program will construct the level density parameter systematics for

all the nuclei contained in the data-base, using the options currently available.

If the selection 1 was to be made and the nuclear information are contained into the
data-base file, the calculation of the leve! density parameters for the selected nucleus will be
promptly performed. These includes the calculation of the spin dispersion factor o* ( sigmaz ),
the shell correction energy Eg, ( Esh) according to a specified liquid-drop mass formula, the
level density parameters «(*) and a, the nuclear temperature 7 and so forth.

The resulting values will appear as

Parameters actually available:
#kkk  1538m KEkkk

Atomic number 2= 62 Neutron number N= 91

Target spin-parity .0+

Neutron binding (Sn) : 5.86737 MeV

En {(above Sn) : .0000Q0 MeV

delta (back-~shift) .97014 MeV

U {Sn+En-delta) : 4.89722 MeV

Temperature : . 52312 MeV

Shell correction (Esh) : 3.67499 MeV

Deformation (Beta2) .000eo

Zcoll (J=|1t-1/2}) : 1.00000

Zcoll (J= It+l1l/2 ) : 1.00000

sigma?2 : 31.80023

gamma : .07479 MeV*¥*-]

a{*)-from systematics : 18.69185 MeV*+*.-1

a 3 22.99348 MeV**-1

Experimental <D(1=0)> .05180 +/- .00330 KeV

Calculated <D(1=0)> .05961 KeV
<D({l=1)> .02050 KeV

Immediately after, the {ollowing menu will appear

Menu

1) Change Isotope

2) Calculate a and a(*) from
3) Calculate the level density
4) Display available parameters
5) Change the parameters

6) Update the data-base file

9) Return

given <D(1=0}>

Selection 2 is particularly important because it provides the evaluation of the level

density parameters that fit the experimental <D>%P_,
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Selection 5 will give the user the opportunity to change individual parameters and repeat
the calculations using the updated values. For example, if the user provides the value of the
collective enhancement factor Z_,) evaluated using an independent technique, the evaluation
of the level density parameters may be repeated taking into account of collective enhancement.

Finally, in Table 1 we give a list of the options that can be sclected, if requested, selecting

2 in the main menu.

Table 1 List of the options that can be selected in HERMES® main menu.

Heading Selections Action
Pairing {back-shift) r pairing correction energy & calculated according to
Eq. (16)
Z pairing correction energy & as in selection 1 but with

§=0 for odd-mass nuclei

3 no pairing correction included
Mass formula 1 Mass formula from Myers and Swiatecki'”
2 Mass formula from Spanier and Johansson'"
3 Mass formula from Malier and Nix'®
Nuclear deformation 1 Deformation B, read on the data-base file
2 Deformation jB, calculated as in the reference'"
3 Deformation 8, calculated as in the reference'
Damping parameter y 1 constant
2" y =040/A4
3 y = k/A"™, k in input
Collective enhancement | 1 Z.,, calculated as in Eq. (22)
else’ Ze =1
Nuclear temperature 1 T=(Ua)"?
2’ T as defined in Eq. (13)
3 T calculated by numerically differentiating the total
state density '

‘default value.

— 10 e
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There are two experimental mass-excess tables included in HERMES!4). In our previous
work?) we have used the mass table from the CERN compilation. Here, we have used the more
recent tabulation of Waspra et al.1%). This alternative choice resulted in a very small difference
in the parameter systematics.

The routine that produces the mass difference is kept separated from the main program.
In this way, each one of the two compilations, or any other additional mass compilation, can be

readily incorporated into the program.
3.3 File allocation

HERMES requires the allocation of a maximum of three files. One contains the data-base
of nuclear information required to calculate the Jevel density parameters. This file is provided
together with the computer program.

A second file allocation is required if a systematics of parameters is being constructed by
the code. A version of this file, obtained using all-defaults for the calculation is given in Appendix
A

Finally, if the information for a given isotope is not contained in the data-base file or if
it is contained but needs to be updated, a new version of the data-base file can be created by
HERMES. This new version of the data-base file can be subsequently used as input data-base for

further runs.
3.4 Installation

HERMES can be requested to the authors using the attached form (see Appendix B). The
program and its files will be delivered in a diskette or through electronic-mail. In either case, the

package will include:

1) the HERMES source program

2) a subroutine containing the experimental mass differences

3) a data-base file containing the nuclear structure information

4) the executable file for running HERMES on a personal computer (only in the diskette}

Independent compilers and linkers can be used to produce the executable file. We can
provide the executable files compiled and linked using the Microsoft Fortran (ver 5.1}, for either
IBM (compatible) or NEC (compatible) personal computers.

The whole program has been divided into

-hermes.for

-mass.for
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files (the source and the mass-excess block-data routine). They can be compiled and liked
separately or merged first and then compiled and linked as a unique program.

In summary, the HERMES package contains:

Directory Files ' Contents
source hermes.for HERMES fortran source
mass mass.for, mass.lib mass-table ( Ref.148) )
newmass.for,newmass.lib mass-table ( Ref.140) )
exenec [exeibm h.exe HERMES executable file
h8x87.exe HERMES executable file (math-
coprocessor i8x87 required)
data datab.dat data-base file
syst.dat file containing the level density
parameter-systematics
updatab.dat updated version of the datab.dat
file
startup.txt mask text-file
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4, EXAMPLES OF USE OF HERMES

4.1 Construction of the FGM parameter systematics

As an example of the use of HERMES we show here how to construct a level density
parameter systematics using various options available in the program.

The construction of the nuclear level density parameter systematics has been performed
several times in the past, perhaps the most quoted and recognized being those of Erba et
al.ls), Lynn16) and Dilig et al. We have used the data on experimental nuclear level
spacings <D>e"P1=O from the referencel) and then calculated the level density parameter a
(selection 3 in the main menu of HERMES).

The results are shown in Figure 2. For clearness, a portion in a restricted region, 100 <

A = 200, is given separately.

32".--"| a T T R T T T T T T T T T T T T T
- evert - aven 1 -
gm-odd ;qS’C' :;;:Mmm
- gven -
| B e B . O ok -odd -
[
oo
24 o a Y A 24| o .
P &o x o
~ ~ oo s
1 i d Yo O | '; i ,:E R -
5 PR S A N R ]
g 161 uuu?ﬂg: ! -} o n o .‘ be ., 'o.. "
e =] eux *
~— - T ?n .Dc: -.2_, 16" 'x" N .n Uq'.' 7
o - % ) . ': B o *x Wt nx ey : “e
[ - - 7
8- A - *
Q
L 4 L 7
pla—— ) IO T S T S WY S e [ S S O WO T T SN O N NN T S T OO N
100 200 100 150 200
Mass number A Mass number A
a) b)

Figure 2. Level density parameter a from Eq. (2) for 41 <4 < 235 (a) and for 100 < 4 = 200 (b).

In making Figure 2, no corrections to the FGM expressions were applied. However, as
described in chapter 2, paring and shell effects can and should be incorporated into the FGM in
order to have a more reliable parameter systematics.

In fact, repeating the calculations made for Figure 2 and including the prescription of Eq.
(16) to correct the FGM for pairing correlation effects, we have obtained Figure 3. As can be
seen, the even-odd dependence of the a-parameter in the systematics is strongly reduced.
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———r—rr—— ——— T
32 @ even - avan o8 o
O aven - odd #b
B odd - aven lf&
I [0 odd-odd M
o
24 ?o -
— iy &3
Y i ° ow § e )
3 K7 S
= 16~ po & & g
S o, 2 - [a]
L @ a 4
o g rg 2
L o
8 -
&
..... P BT S I SRS T
0 200
Mass number A
a)

a {Mev1)

b)

2T T T T T YT T T T T T
® even - ovan
% ood nuclel
I O odd -odd -
24 :'?x lx - "xa. -
e Hey pr et i d b
-
* a x ¥
L . B
5 - e 9 o
. oq':.l:l * Ox x lo
I LS -
L 2
8- m
AN TN T N Y RN I N N N NN S O A N O O A
1 150
Mass number A

Figure 3. Level density parameter a from Eq. (2), with paring correction included, for 41 = A4 = 235

(a) and for 100 = 4 = 200 (b).

Shell effects are clearly present in the systematics of Figure 3. Using the technique
described in 2.2, we have repeated the calculations for the nuclei in our data-base and built the

systematics of the a(*) parameter.

The results of the calculations are shown in Figure 4.

TI!I'IIII!WITIII!I['{IIII
32 @ ever-even .
O aven—odd
u
—
1
>
(]
=
£
-]
a = 0058105 Mev~!
= B8 = -5.8670 T
me= 0678 Moy~
cll[ll!|llL1|I|11]l|llfl
100 200
Mass numbar A
a)

a() (Mev™1)

_b)

32

a = 0058105 Mev~ 1
B =-58970
me= 0978 Mev!

! 1 1 1 1 1 1 1

|
150 200

Mass number A

Figure 4. Level density parameter a(*) from Eq.(18) for 41 = A4

(b)-

< 235 (a) and for 100 <4 = 200
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It clearly appears that the shell effects have, to a great extent, been appropriately taken
into account by the procedure described above.

In Figure 4 we also show an evaluated "experimental” error associated to each a(*). This
is just the direct effect of the experimental uncertainties on <D>%P,_,. The value of the

damping parameter y adopted in our calculation was17)
S VA (23)
173
A

The systematics of the a(*) parameter shown in Figure 4 can be well described by a
smooth function of the mass number A
a(*) = @ A(1 - g 4P (24)
where the two parameters o« and B can be determined from a least-squares fit of the a(*)
values. From the values plotted in Figure 4 we have obtained

(25)

a = 0.058105 MeV ! and B = -5.8970

with root mean square deviation, rms = 0.978 MeVl,

This parametrization can be used to evaluate the level density parameters in the
expression Eq. (2), for nuclei whose experimental information on the average level spacings is not
available. In fact, from the value of a(*) obtained in Eq. (24), the level density parameter a
can be calculated using Eq. (18) and the spin dispersion factor ¢ using Eq. (7) or Eq. (10).

For a more accurate analysis of our results, we have performed a least-squares fit to the
a(*) calculated from the <D>%*P,_,, separately for nuclei of given even-odd character.

The results are summarized in Table 1. It can be noticed that the rms is smaller,
compared to the global analysis, in three of the four sub-sets. This fact can allow a more accurate
determination of the level density parameters for nuclei of unknown resonance spacings.

Table 1 Parametrization of the a(*)-systematics according to Eq. (24).

nuclei o« (MeV'hy | B rms (MeV'1) | number of
nuclei

all 0.058105 58070 | 0.978 217

even-even 0.068072 41136 | 0.567 51

even-odd 0.053127 71799 | 1.090 112

odd-even 0.066794 -3.9051 0.767 8

odd-odd 0.065415 44353 | 0.718 46
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To have a better accuracy in the determination of the parameter a, a local systematics
of a(*) should be constructed. In fact, the small fluctuation of 4(*) in comparison with those
of a allows for a much more reliable determination of this parameter and in turn for the level
density at the neutron binding.

4.2 Calculation of the level density parameters for a given isotope

An example of calculation of level density parameters for a given isotope has been given
in section 3.2. In that case, the level density parameter a(*) for 1538m was evaluated from the
systematics constructed as described in the previous example. If one wants to calculate the level
density parameters that fit the known experimental level spacings <D>P|_; = 51.8 = 33 ¢V,
one should select the option 2 in the menu shown in section 3.2. In this case the program will
evaluate the level density parameter a(*) which is consistent with the measured level spacings
and then it will calculate the other related parameters like the spin dispersion factor o, the
nuclear temperature 7, and so forth. The results will appear as

Parameters actually available:
kkdk  1535m  KEkKw

Atomic number Z= 62 Neutron number N= 91

Target spin-parity : .0+

Neutroen binding (Sn) : 5.86737 MeV

En (above Sn) H .00000 MeV

delta (back-shift) H 97014 MeV

U (Sn+En-delta) : 4.,89722 MeV

Temperature : 51943 MeV

Shell correction (Esh) 3.67499 MeV

Deformation (Betal) : . 00000

Zcoll (J=1It-1/2}) : 1.000¢C0

Zcoll (J= It+l1l/2 } : 1.00000

sigma2 : 31.57597

gamma H 07479 MeV#**.1

a(*) : 18.92682 MeV**_.1

a : 23.28252 MeV*+*-1

Experimental <D(1=0)> : .05180 +/- .00330 KeV

Calculated <D(1l=0)> : .05180 KeV
<D(l=1)> : .01782 KeV

As one can see, there are small differences in comparison with the parameters shown
previously. These are due to the difference between the value derived from the systematics and

the valued derived from the experimental level spacings <D>%P|_.
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5. CONCLUSIONS

We have described a well established technique to evaluate the FGM parametrization of
nuclear leve! density at energies corresponding to the neutron binding energy. The model has
been coded into a computer program, HERMES, which allows for the calculation of level density
parameters. HERMES can be used as a stand-alone program as well as a part of a more general
program for nuclear reaction calculations which uses the FGM prescriptions for the nuclear level
density.

An example of application of HERMES has been given in which a parameter systematics
for the nuclear level density has been constructed. Our parametrization can be easily incorporated
into those computer codes that use the FGM prescriptions for the calculation of nuclear level
densities. Our analysis included pairing correlations as well as shell inhomogeneities effects into
the relations based on the FGM.
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APPENDIX A

Here follows printout of the file containing the level density parameter systematics
calculated by HERMES as described in the text.
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APPENDIX B (request-form)

To obtain HERMES, please fill in and send the following form:

Name

Institute

Address

I would like to receive a copy of the package HERMES through:

O diskette {5.25 O diskette (3.5") O e-mail
O IBM (or compatible) format I NEC (or compatible) format

Date

Piease send to:

Dr. Yutaka NAKAJIMA

Nuclear Data Center

Japan Atomic Energy Research Institute
319-11 Tokai-mura, Naka-gun
Ibaraki-ken, JAPAN

Fax T +81 +292 82 6122
e-mail (bitnet) : J1036@IPNJAERI

or 10:

Dr. Alberto MENGONI

Ente per le Nuove technologie,
I’ Energia ¢ I' Ambiente
Divisione di Calcolo

V.le G. B. Ercolani, 8

40138 Bologna, ITALY

Fax : +39 +51 498 151
e-mail (bitnet) : BALMEI@IBOENEA



